A computer-based dietary assessment tool, the meal-based intake assessment tool (MBIAT), is described. In the current study, dietary intakes of Fe and Zn fractions (total Fe, non-haem Fe, haem Fe, meat Fe, total Zn) and dietary components that influence Fe and Zn absorption (vitamin C, phytate, Ca, grams of meat/fish/poultry, black tea equivalents, phytate:Zn molar ratio) were assessed. The relative validity of the MBIAT was determined in forty-eight UK men aged 40 years and over by comparing its results with those from weighed diet records collected over 12 d. There was good agreement between the MBIAT and the weighed diet records for median intakes of total, non-haem, haem and meat Fe, Zn, vitamin C, phytate, grams of meat/fish/poultry and phytate:Zn molar ratio. Correlations between the two methods ranged from 0·32 (for Ca) to 0·80 (for haem Fe), with 0·76 for total Fe and 0·75 for Zn. The percentage of participants classified by the MBIAT into the same/opposite weighed diet record quartiles ranged from 56/0 for Fe and 60/0 for Zn to 33/10 for Ca. The questionnaire also showed an acceptable level of agreement between repeat administrations (e.g. a correlation for total Fe of 0·74). In conclusion, the MBIAT is appropriate for assessing group dietary intakes of total Fe and Zn and their absorption modifiers in UK men aged 40 years and over.
The three 'classic' methods for assessing dietary intake over a period of time -diet record, diet history and food-frequency questionnaire -all pose problems when used as research tools in a population setting. The diet record has a high respondent burden and requires considerable resources to administer and analyse. The diet history, in its traditional form, requires a skilled interviewer and gives qualitative rather than quantitative dietary information. The food-frequency questionnaire requires considerable cognitive skills on the part of the respondent, who must recall multiple situations in which a particular food is eaten and convert these to the frequencies with which individual foods are consumed. The food-frequency questionnaire must also use a limited food list to make it possible for the participant to respond to frequency questions on each food in the questionnaire.
The computerised meal-based intake assessment tool (MBIAT) described in the present paper was designed to generate quantitative dietary data while incurring a considerably lower respondent burden than a diet record, as well as to collect information on habitual dietary intake by meal rather than by food, so that participants were able to report their food intake as they recalled it, the burden of calculation being borne by the researcher. The tool allows participants access to a food list that is as limited or as extensive as the researcher chooses.
The version of the MBIAT tested in this paper used a food list designed to investigate the dietary intake of Fe and Zn and their absorption modifiers in UK men aged 40 years and over. These nutrients were chosen because Fe and Zn have a moderately high intra-individual variation in intake so require multiple days of diet recording to generate data on usual intake (e.g. 12 d for Fe; Bingham, 1987) . It has been claimed that high Fe status may increase the risk of chronic diseases such as CHD (Salonen et al. 1992) , and although this hypothesis is controversial (Heath & Fairweather-Tait, 2003) , it is important to assess Fe intake in any study evaluating Fe status. One such study is the Iron in Men Project, in which the relationship between dietary Fe and genotype, and Fe absorption and status, is being investigated in 140 UK men aged 40 years and over. Older men are likely to have a higher Fe status because of their higher energy (and hence Fe) intakes, and lower Fe losses, but they are also a population who may be less likely to shop for or prepare their own food, and they may therefore have particular difficulty with both weighed record and memory-based dietary assessment methods.
The present paper describes the development and validation of a research tool to assess the intake of total Fe, non-haem Fe, haem Fe, meat Fe, vitamin C, phytate, Ca, grams of meat/fish/poultry, black tea equivalents, total Zn and phytate:Zn molar ratio in men aged 40 years and over.
Materials and methods

Participants
Forty-nine healthy male volunteers aged 40 years and over were recruited through local advertisements to take part in the study. Potential volunteers were initially screened by telephone to exclude those with chronic or acute illness that might affect Fe intake or status (because the volunteers were also taking part †Present address: Department of Human Nutrition, University of Otago, PO Box 56, Dunedin, New Zealand.
in a study to investigate the genetic, dietary and lifestyle predictors of Fe status), or those taking regular medication that could affect Fe absorption (because some volunteers would participate in a parallel study investigating Fe absorption in relation to genotype and Fe status).
Study design
Habitual dietary intake of total Fe, non-haem Fe, haem Fe, meat Fe, vitamin C, phytate, Ca, grams of meat/fish/poultry, black tea equivalents, total Zn and phytate:Zn molar ratio were estimated using the MBIAT and weighed diet record (WDR). Participants were randomised to one of two groups in order to evaluate potential training effects in their responses to the different dietary assessment methods. Group A completed the assessment tools in the following order: MBIAT, WDR (immediately after MBIAT), repeat MBIAT (1 month after completion of WDR). Group B completed the assessment tools in the following order: WDR, MBIAT (1 month after completion of WDR), repeat MBIAT (1 month after completion of first MBIAT). Both groups completed the MBIAT a third time, 6 months after the first MBIAT administration, in order to assess the stability of Fe intake across seasons in this population.
Meal-based intake assessment tool
The MBIAT was based on an existing computerised Fe intake assessment tool (Heath et al. 2000) that had previously been validated for use in New Zealand women aged 18 -40 years. The MBIAT was modified to include foods consumed in the UK and to be administered by personal computer rather than Macintosh computer, and was interviewer-administered. The computer format allowed: (1) data on food frequency and amount to be collected by participant-defined meals, rather than by individual food; (2) an extensive food list to be made available to participants to describe their dietary intake; (3) context-sensitive portion size estimation questions to be embedded in the questionnaire; (4) participants to oversee the entry of their reported meals, minimising researcher coding and entry errors.
Participants began the MBIAT by recalling the number of times per week they ate breakfast, lunch and dinner meals, and morning, afternoon and evening snacks (overall meal frequency).
Participants were then asked to describe the meals and snacks they had eaten during the past month (individual meals), using a list of 630 foods sorted into sixteen food groups. They were asked to describe the serving size for each food as multiples and proportions of common standard measures (e.g. cups of coffee, slices of bread). Three-dimensional food models were provided for meats, cheese, pizza, slices of cake and potato chips, and dried beans and plates were used to assist in volume estimation. As they completed each individual meal, participants were asked to report an exact frequency of consumption for that particular meal per week (individual meal frequency).
When participants had recalled as much of their 'usual' intake as they could remember, they were shown a checklist of sixty-two foods that could make an important contribution to the intake of Fe, Zn or their absorption modifiers. Where any of these food items had been 'missed', they were added into the individual's MBIAT as new meals or additions to meals already entered.
Finally, participants were shown their original overall meal frequency responses and asked to confirm or correct them.
An earlier study of a similar Fe intake assessment tool suggested that participants are able to estimate the relative frequency of consumption of meals better than the absolute frequency of their consumption, and concluded that an adjustment factor should be used to account for this effect (Heath et al. 2000) . Therefore, an adjustment factor was calculated for each meal and snack category: adjustment factor ¼ overall meal frequency= ðS individual meal frequenciesÞ; so that the 'adjusted' nutrient intakes were calculated :
'adjusted' nutrient intake breakfast A ¼ individual meal frequency breakfast A £ breakfast adjustment factor £ nutrient intake breakfast A:
'Unadjusted' nutrient intakes were calculated using the individual meal frequencies alone. An extensive food list was developed to ensure that the researchers' preconceptions did not influence the foods that participants were able to report having consumed. The food list comprised the fifth edition of the UK Food Composition Tables (Holland et al. 1991b ) and supplements to the fourth and fifth editions (Holland et al. 1988 (Holland et al. , 1989 (Holland et al. , 1991a (Holland et al. , 1992a (Holland et al. ,b, 1993 Chan et al. 1994 Chan et al. , 1995 Chan et al. , 1996 with the following deletions: (1) culturally specific foods unlikely to be consumed by men aged 40 years and over living in Norfolk; (2) specific varieties when a generic food was available; (3) foods with a negligible content of the food components of interest (e.g. fats).
The average daily intake of each dietary component was analysed using a Microsoft Excel-based computer program (MBIAT version 4.2 available from Mark Roe, Institute of Food Research, Norwich Research Park, Colney Lane, Norwich NR4 7UA, UK; marka.roe@bbsrc.ac.uk) that calculated the sum of the products of the nutrient content of the foods in each meal and the individual meal frequencies, for example:
Fe intake per d ¼ [(S Fe content of foods in breakfast 1) £ (individual meal frequency for breakfast 1)/7)] þ [(S Fe content of foods in breakfast 2) £ (individual meal frequency for breakfast 2)/7)] þ . . .
The nutrient content of the foods in each meal was calculated as: nutrient content of food = (food consumed (g)/100) £ nutrient content/100 g food.
The food composition data for total Fe, Zn, vitamin C and Ca were compiled using the UK Food Composition Tables and supplements (Holland et al. 1988 (Holland et al. , 1989 (Holland et al. , 1991a (Holland et al. ,b, 1992a (Holland et al. ,b, 1993 Chan et al. 1994 Chan et al. , 1995 Chan et al. , 1996 . Meat/fish/poultry values were calculated as animal tissue in 100 g edible portion of food. Haem Fe was calculated as the product of meat Fe and the proportion of haem Fe in the specific meat using values from the literature (Rangan et al., 1997; Hallberg & Hulthén, 2000) . Non-haem Fe was the difference between haem Fe and total Fe. Meat Fe was calculated as the product of the total Fe content per 100 g specific meat(s) in the food and the meat/fish/poultry value of the food expressed as a proportion. Therefore, meat Fe was equal to total Fe both for foods with a meat/fish/poultry value of 100 g/ 100 g and for foods with all their Fe coming from meat. Phytate values were based on published data (Harland & Oberleas, 1987; Holland et al., 1988 Holland et al., , 1991a Holland et al., , 1992a Bunch & Murphy, 1996) . Phytate values of foods of similar composition were used when phytate values could not be found in the literature. Black tea equivalents were calculated as follows: a value of 100 was assigned to 100 g black tea infusion. Other beverages with an appreciable content of tannins were assigned a proportion of this figure according to their inhibitory effect on Fe absorption compared with black tea (Morck et al., 1983; Cook et al., 1995; Hurrell et al., 1999) . The phytate:Zn molar ratio was calculated by: (1) dividing the mg phytic acid by 660 (the molecular weight of the phytate ion) and the mg Zn by 65·4 (the atomic weight of Zn); (2) dividing the mmol of phytic acid by the mmol Zn (Oberleas & Harland, 1981) . For composite dishes, phytate and meat/fish/poultry content was estimated using recipes published with the UK Food Composition Tables and supplements (Holland et al., 1988 (Holland et al., , 1989 (Holland et al., , 1991a (Holland et al., ,b, 1992a (Holland et al., ,b, 1993 Chan et al., 1994 Chan et al., , 1995 Chan et al., , 1996 , online recipe books (primarily www.recipesource.com) or manufacturer's information (primarily via www.tesco.com).
Weighed diet record -reference method
The WDR was chosen as the reference method because it has a high level of accuracy when validated using 24 h urinary N as a biological marker for protein (Bingham et al., 1995) and because, unlike the MBIAT, it does not depend on memory, is open-ended and involves the direct measurement of portion size. WDR were collected for 12 d, enabling an estimation of a person's total Fe intake to within 10 % of their mean habitual intake (Bingham, 1987) . Participants were asked to complete their weighed record on 12 specified days, divided into four blocks of 3 consecutive days (to minimise recording fatigue) and including 4 weekend days (to allow for the weekend effect), over a period of 5 weeks. Participants were provided with electronic scales (Salter; Tonbridge, Kent; maximum weight 2 kg, accurate to^0·1%) and instructions on how to use the scales and when and how to complete their WDR. Following completion of the WDR, researchers checked the record with the participant for completeness.
The WDR were coded, entered on the Diet Cruncher nutritional analysis program (Way Down South Software, Dunedin, New Zealand; www.waydownsouthsoftware.com), checked by a nutritionist and then analysed using the same Diet Cruncher program. Where amounts were estimated, they were calculated using values derived from Ministry of Agriculture Fisheries and Food data (1993) . The food list and food composition data for the program were based on the UK Food Composition Tables and supplements (Holland et al., 1988 (Holland et al., , 1989 (Holland et al., , 1991a (Holland et al., ,b, 1992a (Holland et al., ,b, 1993 Chan et al., 1994 Chan et al., , 1995 Chan et al., , 1996 with data on grams of meat/fish/poultry, haem Fe, non-haem Fe, meat Fe, phytate and black tea equivalents added as for the MBIAT database.
Statistical analyses
SPSS for Macintosh Version 10.0.7a was used to carry out all the statistical analyses. Because the majority of nutrients were not normally distributed, medians and 25th and 75th percentiles are reported, and non-parametric tests were carried out, for instance Spearman's rank correlation coefficients to measure associations, and Wilcoxon matched-pairs signed-rank tests to determine statistical confidence in the differences. Two-sided significance levels are quoted.
Agreement between the WDR and the MBIAT at an individual level was assessed using mean difference and standard deviation of the difference (Bland & Altman, 1986) .
Individual results for nutrient intake estimated by the WDR and the MBIAT were classified into quartiles to assess the MBIAT's ability to assign individuals to the same quartile of intake as the WDR. The following percentages were calculated: percentage correctly classified into the same quartiles, percentage correctly classified to within one adjacent quartile, percentage correctly classified into the extreme quartiles (Q1 or Q4), and percentage grossly misclassified (classified into opposite quartiles). 'Actual values for surrogate categories' (Willett, 1990) were calculated as follows: participants were assigned to quartiles according to nutrient intake estimated by the MBIAT, and then the mean nutrient intake in each quartile was calculated using intake determined by the WDR method. This gives an indication of the 'true' (i.e. WDR) intakes that are indicated by the MBIAT intake quartiles. One-way ANOVA with Tukey's honestly significant difference was used to determine whether differences between the quartiles were statistically significant.
The reproducibility of the MBIAT was assessed using the Wilcoxon matched-pairs signed-rank test to determine whether there was a significant difference between the nutrient intakes reported in the first and second, or first and third, MBIAT administrations.
To assess possible training effects, the association between the first or third MBIAT and the WDR were compared between group A and group B by transforming both correlation coefficients using the Fisher r-to-Z transformation, computing the Z test for the equality of the two correlations and then evaluating the Z value against a standard normal distribution for statistical significance (www.utexas.edu/its/rc/answers/general/gen26.html).
Ethical considerations
Participants were sent an information sheet explaining the study to read before their first appointment. The study was then explained in detail to each participant during a visit to the Human Nutrition Unit at the Institute of Food Research (Norwich, UK), when participants were given an opportunity to have their questions answered, and written informed consent was obtained. The study was approved by the Norwich District Ethics Committee.
Results
Data are presented for forty-eight of the forty-nine participants recruited into the study (98 %). One person did not complete the WDR and was excluded. The participants were aged 46 to 75 years (mean 61 (SD 8) years).
Median Fe and Zn intakes from the WDR and from the adjusted MBIAT were not significantly different (Table 1) . There were also no significant differences between the median intakes of non-haem Fe, haem Fe, meat Fe, vitamin C, phytate, grams of meat/fish/poultry or phytate:Zn molar ratio between the two methods (Table 1) . However, differences between the median intakes of Ca and black tea equivalents between the two methods were significant (Table 1) .
The mean difference between the Fe intakes reported in the WDR and the adjusted MBIAT was 0·5 (SD 3·6) mg (Table 1) . Therefore, an individual's MBIAT Fe intake was likely to fall between 6·7 mg below (mean difference -2 SD) and 7·7 mg above (mean difference +2 SD) their WDR intake. The mean † Individual meal frequencies adjusted using participant-reported overall meal frequency so that the sum of adjusted individual meal frequencies was equal to the participant-reported overall meal frequency. ‡ Mean difference between the adjusted MBIAT and the WDR.
difference between the Zn intakes reported in the WDR and the adjusted MBIAT was 20·3 mg (SD 2·1; Table 1 ). Therefore, an individual's MBIAT Zn intake was likely to fall between 4·5 mg below (mean difference -2 SD) and 3·9 mg above (mean difference +2 SD) their WDR intake. Adjusted MBIAT dietary component intakes had considerably higher correlations with the WDR intakes than the unadjusted intakes (Table 2) . Table 3 summarises the extent of correct classification of the MBIAT dietary component intakes into WDR quartiles. The MBIAT classified 56 % of people into the correct quartile for total Fe intake and 60 % into the correct quartile for Zn intake, with no individuals being grossly misclassified. Similar results were achieved for non-haem Fe, meat Fe, phytate, grams of meat/fish/poultry and phytate:Zn molar ratio (with no participants grossly misclassified). The MBIAT grossly misclassified the haem Fe intake of just one participant (i.e. 2%). Whereas the MBIAT correctly classified a lower percentage of vitamin C and black tea equivalents intakes (44 and 48, respectively), no vitamin C intakes, and only 4% (n 2) of black tea equivalent intakes, were grossly misclassified. However, this version of the MBIAT did not classify Ca intakes well, with only 33% of participants correctly classified and 10% grossly misclassified.
Actual values for surrogate categories show the expected stepwise increase for total Fe, non-haem Fe, haem Fe, meat Fe, vitamin C, phytate, grams of meat/fish/poultry, black tea equivalents, Zn and phytate:Zn molar ratio, but not for Ca. The MBIAT clearly differentiated between the first and fourth quartiles for all the dietary components assessed except Ca (Table 4) .
All participants completed the MBIAT on a second occasion to assess the questionnaire's reproducibility. There was no significant difference between the median dietary component intake assessed at the two administrations, except for phytate (although the correlation between the two administrations for phytate was 0·86) ( Table 5 ). The correlation coefficient between the two administrations ranged from 0·64 for Zn to 0·87 for the phytate:Zn ratio, with a correlation of 0·74 for total Fe (Table 5 ).
All participants completed the MBIAT a third time, 6 months (mean 24 weeks) after the first MBIAT was administered, to investigate seasonal effects. There was no significant difference between the median dietary component intake assessed at the first and third administrations, except for the phytate:Zn molar ratio (Table 6 ). The correlation coefficient between the first and third administrations ranged from 0·62 for vitamin C to 0·79 for grams of meat/fish/poultry, with a correlation of 0·75 for total Fe and 0·73 for Zn (Table 6) .
When the correlations between the first MBIAT and the WDR for group A (n 23, order of administration MBIAT -WDR-MBIAT) were compared with those for group B (n 25, order of administration WDR-MBIAT -MBIAT), there was a significant difference between the groups for phytate, black tea equivalents and phytate:Zn molar ratio. When the correlations between the third MBIAT and the WDR for group A were compared with those for group B, only the correlations for phytate remained significantly different.
Discussion
The MBIAT can estimate group median intakes well for total, non-haem, haem and meat Fe, and vitamin C, phytate, grams of meat/fish/poultry, Zn and phytate:Zn molar ratio. At a group level, it correctly classifies intake of Fe and Zn, and most of their dietary absorption modifiers, to within one adjacent quartile * Individual meal frequencies adjusted using participant-reported overall meal frequency so that the sum of adjusted individual meal frequencies was equal to the participantreported overall meal frequency. for more than 90% of participants. Although its performance is poorer for Ca, it is able to classify individuals' Ca intake correctly to within one quartile 77% of the time. Our correlations of 0·6-0·9 for dietary component intakes between two administrations of the questionnaire suggest that the MBIAT is as reproducible as multiple sets of diet records (Hartman et al., 1990) . However, the large standard deviation of the mean difference between intakes assessed by the two methods suggest that the questionnaire is of limited use for estimating intake in individuals. The improvement in MBIAT performance when data are adjusted using participant-reported overall meal frequency confirms the finding that participants in diet studies are able to estimate the relative frequency of consumption of foods better than they can estimate absolute frequency of consumption (Heath et al., 2000; Matthys et al., 2004) . The performance of the MBIAT in estimating dietary Fe and Zn intake in this population exceeded the recommendations recently proposed by Masson et al. (2003) : 'Spearman correlation coefficients above 0·5, more than 50% of subjects correctly classified and less than 10% of subjects grossly misclassified into thirds, and weighted kappa values above 0·4 are recommended for nutrients of interest in epidemiological studies'. Spearman correlation coefficients between the MBIAT and WDR were 0·76 and 0·75 for Fe and Zn respectively, the Fe intakes of 56% of participants and the Zn intakes of 60% of participants were classified to the correct quartile, no participants were grossly misclassified for either Fe or Zn, and k values were 0·41 for Fe and 0·47 for Zn. Willett (2001) has proposed a 'ceiling' of validity at correlations of 0·7. The MBIAT exceeded this ceiling for its principal nutrients of interest, total Fe (0·76) and Zn (0·75). It is likely that this was achieved because, unlike a traditional food frequency questionnaire, the MBIAT allows participants to choose from an extensive food list (630 foods available) and determine their own portion size, so it is better able to capture the 'inherent complexity of diet that cannot be fully captured by a structured questionnaire' (Willett, 2001 ). Interestingly, this application of the MBIAT also performed better than either of the earlier New Zealand (Heath et al., 2000) or Belgian (Matthys et al., 2004) versions, which reported correlation coefficients between the tested and reference methods of 0·52 (Heath et al., 2000) and 0·45 (Matthys et al., 2004) , respectively, for Fe (MBIAT =0·76). The percentage of participants classified by the MBIAT into the same/opposite WDR quantile for Fe was also better for this administration of the MBIAT (56/0) when compared with either the New Zealand (43/4) or Belgian (38/6) version. There are a number of possible reasons for these differences. For any memory-based dietary method, the ability of the participant to give valid responses will be influenced by three key factors: (1) the extent to which the participant understands, and attends to, the task required; (2) the extent to which the participant's ability to remember past food habits is supported by the form of the questionnaire; (3) the extent to which the research method is able to capture the intake of foods that contribute to the intake of the nutrient of interest.
We can compare the three versions of the questionnaire under these headings. (1) In contrast to the MBIAT, both earlier versions of the questionnaire were self-administered (although there were researchers available to provide support while the questionnaire was being completed). Participants in the earlier studies appeared to have a full understanding of how to complete the questionnaire, but it is likely that, in the current study, the interviewer played an important role as a motivator for participants to provide a greater level of detail in their answers. (2) All three versions used the same meal-based format to elicit dietary information, so it is unlikely that differences in the participants' recall of past eating events explains the differences in questionnaire performance (particularly since it is often considered that men have a poorer memory for food intake than women; Krall et al., 1988) . (3) The MBIAT made full use of the computer interface to access an extensive food list of 630 foods, in contrast to the earlier New Zealand (206 foods) and Belgian (209 foods) versions, so that the interviewers seldom found that they were unable to enter a food that had been reported by a participant (apart from fats and sugars). The better performance of the MBIAT may therefore be explained by the extensive food list used, and by the increased understanding or motivation provided by a one-to-one interview.
However, the MBIAT appeared to estimate Ca intake poorly when compared with the WDR. An investigation of the five participants grossly misclassified by the MBIAT suggests two explanations for this poor agreement: (1) true dietary change; (2) difficulty estimating cheese intake. For two of the five grossly misclassified participants, the lack of agreement between the MBIAT and the WDR probably reflects true changes in intake, since these participants reported consuming milk with beverages in their WDR, but not in the MBIAT. This is unlikely to be due to memory lapse because a prompt asking whether anything was consumed with beverages was used when the MBIAT was administered. Moreover, these participants reported no intake of at least one other dairy product in the MBIAT that had appeared in substantial amounts in the WDR. Both participants were obese (BMI . 30 kg/m 2 ), and these changes are consistent with the Atkins diet, which was a popular weight-loss diet at the time. For two of the other grossly misclassified participants, almost 200 mg of the MBIAT Ca overestimate (44 and 36% of the overestimate) could be accounted for by a substantially higher reported cheese intake. It is likely that inaccurate recall of cheese intake accounts for much of the discrepancy between Ca intakes in the MBIAT and in the WDR because cheese is such a rich source of Ca (cheddar cheese contains 740 mg Ca per 100 g). Whereas a Ca-specific questionnaire is able to ask multiple questions about cheese intake in different settings (e.g. sliced, grated, spread, in recipes), the MBIAT required participants to report the amounts of cheese eaten in multiples or proportions of a single food model (a slice of cheese). Also, the New Zealand (Heath et al., 2000) and Belgian (Matthys et al., 2004) versions of the MBIAT reported much closer agreement with WDR data for Ca intake in women (correlations of r 0·47 and r 0·52, respectively, v. r 0·32 for the current study), and this may reflect a comparative lack of awareness of the presence of cheese in baked goods and recipes among this population of middle-aged and elderly men.
To test whether the order of MBIAT and WDR completion affected the relationship between the MBIAT and the reference method, twenty-three participants were randomly assigned to complete their first MBIAT before the WDR (group A) and twenty-five participants were randomly assigned to complete the MBIAT 1 month after finishing the WDR (group B). Group B demonstrated significantly higher correlations between the first MBIAT and the WDR than group A for phytate, phytate:Zn molar ratio and black tea equivalents. There are three possible explanations for this: (1) there was a training effect whereby completing the WDR 1 month before completing the MBIAT improved the ability to estimate phytate and black tea equivalent intake; (2) the participants randomised to group B were better at estimating the intake of these food components than those in group A; (3) there was a greater range in intakes in group B, resulting in higher correlation coefficients. There is evidence that at least some of the difference between the correlation coefficients for groups A and B results from factors other than a training effect. First, both groups completed a third MBIAT 5-6 months after the WDR. Group B participants maintained a significantly higher correlation for phytate between the MBIAT and the WDR even though any training effect would be expected to be similar for group A participants since they had also completed their WDR before this third administration. Second, group B participants had a substantially wider range of intakes, as assessed by the WDR, than group A: 64% wider for phytate and 47% wider for black tea equivalents.
To test whether there was any difference in the intake of Fe, Zn or their absorption modifiers across seasons in this population, the MBIAT was administered a third time, 6 months after the first MBIAT. The only significant difference between the first and third MBIAT was for phytate:Zn molar ratio. This suggests that the intake of food components of interest was stable across seasons, since an earlier version of the MBIAT was able to demonstrate significant changes in diet in adult New Zealand women undergoing a dietary intervention that resulted in changes in Fe status (Heath et al., 2001) .
In conclusion, the MBIAT has a lower respondent burden than the WDR, and because the data are entered directly during the interview, it generates fewer researcher errors and saves substantial coding and entry time. Our analysis of group medians and the correlations between the questionnaire and the WDR suggests that the MBIAT is appropriate for assessing group nutrient intakes and ranking individuals' intakes of the tested nutrients. The MBIAT is an appropriate research method for assessing group dietary intakes of total Fe and Zn and their absorption modifiers in UK men aged 40 years and over. Different food lists could be used to enable the MBIAT to estimate the intake of other nutrients in other population groups.
Appendix: The meal-based intake assessment tool food list (630 food items in sixteen food groups)
All foods are as eaten unless stated otherwise; e.g. legumes are cooked and drained.
Beans, peas and lentils (nineteen food items)
. 
